Abstract. The purpose of our study was to identify reasons for high dropout of students enrolled in the first year of the computer science study program to make it possible to determine students, who are potentially in risk. Several factors that could affect attrition, as it was originally assumed, were studied: high school grades (admission score), compensative course in high school mathematics, intermediate grades for core courses, prior knowledge of programming. However, the results of our study indicate that none of the studied factors is determinant to identify those students, who are going to abandon their studies, with great precision. The majority of the studied students drop out in the 1st semester of the 1st year, and the dropout consists mostly of those, who do not really begin studies. Therefore, one of the main conclusions is such that the planned activities of informing about the contents of the program should be carried out, and the perspective students should be offered a possibility to evaluate their potential to study computer science before choosing a study program.
I INTRODUCTION
In recent years, there has been a competition among applicants of the undergraduate programs of the Faculty of Computing at the University of Latvia. Besides, 90% of all entered students have identified the program as their 1 st priority. This confirms that there has been a real selection, which identified relatively good and motivated students. However, the considerable number of students that annually abandon studies especially in the first study year (an average of 30% after the first semester, close to 50% over the 1 st study year) and comparison with other countries encourages to investigate the causes of attrition.
One of the indicators used to analyze tertiary education, which also includes university level education, is "completion rate". It is defined as the ratio between the number of students in the study program, which obtained a degree in the reference year, and the number of students enrolled in the study program so many years ago, as the length of the fulltime study program [1] . The "completion rate" of the university programs from 23 countries participating in OECD study varies, ranging from 93% in Japan and ending with indicator below 60% in several countries, including Sweden (49%, the worst indicator in the study).
According to OECD method of calculation in 2013, using data about the number of students, who obtained a degree in 2013 [2] , and the number of students enrolled in 2009 [3] , the "completion rate" of the computer science bachelor program of the University of Latvia was 47%. In comparison with the OECD study, the result is below the worst indicator, but it should be noted that OECD indicators characterize education at the national level, moreover, research shows that indicators of the engineering and information technology programs are worse than in other fields. However, this example and the situation in the first year computer science program mentioned at the beginning shows that there is room for improvement. The results of the other countries studies confirm that in different countries there are diverse factors affecting attrition and their combinations, therefore, local studies about causes for attrition in Latvia are justified.
In OECD studies a related indicator "noncompletion rate" is also used. The average value of this indicator in all studied countries [1] was 30%. In other reports, the authors of the paper [4] use "dropout" concept, which is stronger, because in the calculation of the "non-completion rate" such students who fall behind the planned study schedule (for example, take a break in studies) are also taken into account, but the dropout examines only those leaving the studies without a degree. In many educational studies the concept of drop-out is used, which is why exactly dropout will be analyzed in our study.
In terms of regularities, which the researchers worldwide are unanimous about, the dropout percentage varies depending on the academic year, besides the highest dropout is in the first study year and then it decreases [5] . For example, in the USA four-year colleges and universities, 38% of all dropouts are exactly in the first academic year, and 29% -in the second academic year [5] . The dropout rate of the second study year is closely related to the results of the first study year, so the first study year is the most important in terms of impact on further studies, including prevention of drop-outs. Therefore, the 1st study year has been selected for our study. Our study investigates students enrolled into the computer science bachelor and programmer professional programs in one year (2013) and analyzes what have these students been doing over time, including how many of them have dropped out of the University of Latvia and what is the ratio of these study leavers among enrolled students, i.e. "dropout percentage".
II MATERIALS AND METHODS
The purpose of our research is to analyze a study model of the first year students enrolled in 2013 into the computer science bachelor program of the University of Latvia in order to evaluate, when the "dropout" takes place in the first year, what are the characteristics of "dropping out" students, what are the mutual influence of these characteristics, as well as to create a model to make it possible to identify students, who are potentially in risk.
As data sources, similar studies often use data from university management information systems, using data supplied by a student during enrolment, for example, age, gender, high school grades, etc., as well as study results [6] - [7] . The second data source is the survey [7] - [9] , which is conducted beginning studies and leaving them, for example, to assess student's academic, psychosocial and cognitive characteristics. Studies tend to include both the data about all academic years during several years [6] and the data about the first year [8] - [9] . Besides, studies tend to analyze all university programs, or separate faculties, for example information technology programs [7] , [10] - [11] .
Data used in our study come from multiple data sources. Admissions data are obtained from the management information systems of the University of Latvia. These include personal data and high school exam grades. To be admitted into the Faculty of Computing at the University of Latvia, grades of the centralized exams in math (75% of the admission score) and Latvian language (25% of the admission score) are used in the competition. The maximum total score is 1000 points. The outstanding applicants, who have additional points for participation in the national math or informatics Olympiads, are considered separately. Since the admissions data are also stored in the data warehouse of the University of Latvia, several previously existing reports were used for the analysis of the distribution of applicants based on the admission score (without integration with other data).
To analyze the students' study process, data about intermediate grades (tests, homework, practical tasks and other grades) for several courses were used. These were the two compulsory courses "Algebra" and "Programming". The first one represents mathematics, the other is a specialty course. Data were available from Excel tables provided by the teachers of the courses.
The study also includes data about the "Compensative Course in High School Mathematics", which is compulsory to all students of the Faculty of Computing, whose admission score is below a certain number of points (700 out of 1000 maximum possible score). These data were obtained from the e-learning environment Moodle grade book data, which stores intermediate grades. In this case, these are data on whether a student has passed 2 tests and how many times he or she has taken the tests.
Data from two surveys were also used in the study. The first survey was carried out in 2013. 235 newly admitted students took part in it beginning their studies. The survey was anonymous, this is why only aggregated results were available. In our study we used aggregated answers to questions about students' prior knowledge in programming. The second of the surveys was carried out in January 2015 during the session. All the students who continued to study (out of those enrolled in 2013, i.e. "survivors") were interviewed. The same question of the first survey about the prior knowledge in programming was asked, but this time respondents were identified. The question contained several possible answers, such as "I studied programming in a school programming course", "I studied programming myself," etc., as well as the opportunity to answer that "I did not study programming before ".
In studies of other authors, statistical methods are used the most often [6] - [7] , [10] - [12] . Sometimes, data mining [13] and data warehouse [10] are used in studies. The latter is mainly used for the data preparation, integration and supply of data for systematic analysis.
In our study, the infrastructure of the data warehouse of the University of Latvia was used as an environment for many data source integration, since the part of data was already available in it. The data warehouse is implemented using Oracle database and Microstrategy tool for reporting. MS Excel tool was used for data analysis and results visualization for the purpose of this study.
III RESULTS AND DISCUSSION
In our study we examine the first study year. We pay more attention to the first semester, when the dropout percentage is the biggest throughout the whole study process (see Table 1 and Fig. 1 ). The fact of dropping out is detectable only at the end of the semester, rather than in relation to the time dimension (months) as in [11] , because in our case, the withdrawal often occurs because the student does not register for the next study semester. Very few students write applications for the withdrawal of their own volition. This is why the possibility to carry out a survey and to determine the true causes of dropout is also limited. In addition to the examination of all students enrolled in 2013, we found out that for the analysis of dropout, it is necessary to distinguish and examine the subset of students, who actually do not start studies (however, they begin studies formally, since they sign the contract), because there are no intermediate results about fulfilled study excercises.
Students Enrolled in 2013
33% 15% 52% Dropout after the 1st semester Dropout after the 2nd semester Students continuing studies after the first study year We studied a number of influencing factors, which were originally assumed to have a potential impact on attrition:
1) High school grades (admission score) 2) Compensative course in high school mathematics 3) Intermediate grades for core courses 4) Prior knowledge in programming
School Grades (Admission Score) and Dropout
The first factor that was analyzed, was the "high school grades", which were analyzed by the total score (taking into account both the mathematic and the Latvian language exams), because this score is used in the entry competition, as well as the mathematics exam was analyzed separately, which could have different results assuming that part of applicants are Latvian non-native speakers. The hypothesis of the study is that because of the weak school knowledge, it might be difficult to study. To analyze the total admission score, it was divided into intervals of 100 points, starting with 500, because the smallest score of 2013 applicants, who beat the competition, was 573.5 points. The results of the study (see Table 2 and Fig. 2 ) show that the score at intervals of up to 800 points, which covers 78% of enrolment, the ratio between dropout and "survivors" is close to 50%. Slightly better results are among very good students (22% of the total number of students, score interval 800-1000), but the dropout is also present. Since it is not confirmed that majority of students with worse admission score drop out, but students with better admission score do not, then there is a basis for further research. It is possible to distinguish and analyze students admitted outside of the competition, who were granted extra points for winning national Olympiads in mathematics or informatics (additional 1000 points for each Olympiad). In the following table (Table 3) , it can be seen that none from the 6 outstanding students dropped out. Another hypothesis that was studied was the grades for high school mathematics exam as the dropout indicator. A dropout analysis was carried out, taking into account only math admission examination scores and taking into account the total number of points. In this study, the number of students, who dropped out and the number of remaining students above and below the average number of points were compared: average admission score was 717 (Fig. 3) , but taking into account only the math exam, the average score was 566 (Fig. 4) . As shown in the charts, the significant changes in the distribution are not observed, therefore, the total score was used for further research, which officially served as the grounds for admission to the program. 
Admission Score

Compensative Course in High School Mathematics
The 2nd factor that also allows to analyze the impact of the students' school mathematics knowledge on the dropout is the "Compensative Course in High School Mathematics" organized by the Faculty of Computing. Students must participate in the course, learn topics of high school mathematics selected according to the needs of the program, and pass 2 tests. It is allowed to try to pass the tests several times. Students, who have more than 700 points, do not pass tests and receive an automatic grade for both tests. So this group shows the same situation observed before, i.e. there is a big dropout (42%) among students with good knowledge of mathematics. The composition of all students and the dropout in comparison with the total number in each group, can be seen in the chart (Fig. 5) .
Who Has to Pass a Test?
For further research, those students are essential, for whom the effect of the compensative course can be examined in more detail; it is for those, who have to pass the tests (Fig. 6) . The dropout rate is higher (54% of the total number), but the history of passing the course tests allows us to find out more information about the students passing the tests.
In this course (as it is also shown further in the paper in relevance to other subject analysis), the group can be distinguished that includes students, who do not do anything (there is no attempt to pass the tests) -15 students, all of them were subsequently expelled.
Others can be divided into 2 groups. One group includes those students, who learn the course, sooner or later pass the tests (the chart shows only the results and does not reflect, how many times students try to pass the tests). A conclusion about this group can be made that these students meet the necessary requirements for knowledge of high school mathematics, and 30% of these students drop out. However, the group of students, who "failed to pass the tests" on the one hand confirms students' poor knowledge of high school mathematics, but the course also did not help (although, there are no data on whether the course was attended, or students just tried to pass the tests), and over time, students are expelled (at the time of data analysis, only 4 out of 33 students still had "student" status, so there was still a hope that they pass this debt). On the other hand, analyzing the data about repeated test passing by those students who "failed to pass the tests", it can be concluded that only 8 (out of 33) students tried to pass the tests repeatedly. Another ratio is observed among those, who passed the tests -33 students are such, who passed the test on the first go, the other 41 students tried to pass the tests repeatedly, 6 of them did it more than 2 times. These data indicate that the outcome depends not so much on the school knowledge, but the motivation to work.
Test Takers and Dropout
Intermediate grades for core courses
The 3 rd factor, whose impact on dropout has been studied, was two core courses taught in the 1 st semester. One of these two courses was "Algebra" that represented a mathematics course, and the second course was "Programming" that represented a specialty course. Intermediate grades for both courses were evaluated and an obvious group of "do-nothing" students was revealed. The first consecutive test was analysed for these students in both courses, whether there was or was not any grade for it (i.e. whether a student tried to write the test). Analysing other intermediate grades, there was also not more than one (typically, none) submitted assignment of other type (homework, practical work tasks, etc.). There are 45 students, who do nothing in both subjects (in the 1 st semester). The number of "do-nothing" students separately for each course is slightly higher (Fig. 7) . For example, there are 58 dropped out "do-nothing" students in the 1 st semester Algebra course, but if we check whether any of the "do-nothing" group has "survived" (passed the debt or intend to do so later), then there are 2 such students. In Programming course, there are 49 dropped out "do-nothing" students. For comparison, it should be noted that the total dropout in the 1 st fall semester is 85 students. It can be seen that the majority of them are the "donothing" students of the Algebra course (68% of the fall semester dropout). A conclusion can be drawn that non-writing the 1 st test in Algebra is a sign that the student will drop out, and here we do not mean unsatisfactory grades, but rather non-writing the test at all.
We analysed the above-mentioned 45 students who did nothing in both core courses, and investigated what they did in compensative course in high school mathematics. We found out that 13 students failed to pass the tests (as research showed, these were mostly the students, who tried to pass the tests once and did not make an efforts to re-pass the test), 15 students did nothing in this course as well and only 1 student passed the test, while 16 students got an automatic grade (i.e. admission score was higher than 700). A conclusion can be drawn that there is a group of students that practically do not begin studies, i.e. 18% (45 out of 254 students, who began their studies). To conclude, a total of 33% of students were expelled in the 1 st semester, i.e. a little more than a half of these students had not begun their studies at all. Speaking about the reasons for non-beginning studies, quite a large ratio of "do-nothing" students (16 students) among those with an admission score of more than 700 points rather indicate other reasons, which are not related to grades. 
Prior Knowledge in Programming
The 4th factor that was studied, was the impact of no prior knowledge in programming on dropout. Two surveys were carried out. The organization and data collection of them have already been described in the paper. The results of the surveys are given in the Table 4. 22% out of 235 students indicated that they did not have any prior knowledge in programming in the 1 st initial survey before the start of the studies, but in the repeated survey of the "survivors" after the first year, 24% out of 114 respondents indicated the same answer. It can be concluded that the initial assumption that students with no prior knowledge in programming are at greater risk to drop out, is invalid, because the initial ratio among students with and without prior knowledge remained the same. 
IV CONCLUSIONS
Looking at similar studies that analyze exactly engineering or information technology fields of study, since there is usually one of the highest dropout percentage, [10] , [12] , we have concluded that dropout is mostly affected by high school final grades, student's average grade during studying at a university, as well as selected program.
Engineering study programs were also studied in Latvia, at Latvian University of Agriculture [11] (34.4% drop out rate in the 1 st study year), and results are similar that the main causes of dropout are poor knowledge of high school graduates and selected field of study.
The main conclusions of our research are such that there exists a large group of students, who in fact do not begin studies and who are later expelled. Failure to begin studies refers to the number of courses. In this study, among all analysed courses, dropped out students were best characterised by the fact that they did not write the 1 st test in Algebra. The majority of expelled students drop out in the 1 st semester of the 1 st year. These students include both students with weaker and with quite good high school grades. The exceptions are the applicants with excellent grades, where the situation differs with a smaller dropout. Since the 1 st year dropout consists mostly of students, who have not really begun studies, so the high school grades do not have significant effect on dropout, but they may have an impact on the further study process.
The hypothesis that a programming background is an important factor influencing dropout was also rejected, since we found out that the ratio between students with and without prior knowledge remained the same at the start and end of the first study year.
The research results show that universities should create an action plan to reduce dropout [10] , but the University policy should not jeopardize the quality of studies (reduced study [11] or admission [8] requirements lower the level of graduates).
Student characteristics (profile) are different, but these differences are not taken into account in the university requirements (environment, process, etc.) ( [10] , for example, speak about the group of students above 25 years of age, who have more difficulties to adapt to the university requirements, which leads to dropout). It is necessary to carry out adapted activities for "early dropped out students" and "late dropped out students" [12] . For example, further data analysis is required for late dropped out students, to search for individual solutions promptly, but for early dropped out students, additional information should be provided to help adapt to the study environment.
Definitely, a sufficient information about the provided programs should be offered to potential students before they begin studies [6] , [8] , and qualified advice about the choice of courses should be given after the start, to reduce the dropout of students, for whom "the course was not such as they were expecting" [8] .
The further research should focus on the analysis of grades for other courses in the 1 st and later study years, to assess the impact of the outcomes of the 1 st year on the further study process and dropout (academic debts, change of financing because of academic debts, etc.).
Since our study concluded that a majority of students really do not begin studies, the activities targeting both "early dropped out students" and candidates are considered. In relation to this issue, several ideas could be further studied, for example, the possibility for students to assess themselves their suitability for a chosen field of study, by offering a variety of self-assessment tests -personality tests, logic tests, mathematics tests. For example, the contents of the latter test could be based on the compensative course in high school mathematics, which is already conducted at the Faculty of Computing. It could be implemented as a computerized test for self-assessment that candidate students could take before they choose the study program.
Similarly, it is planned to help get more insight into "what is programming", because, although the study showed that a lack of prior knowledge in programming did not directly cause a dropout, there is still a large number of students, who do not really begin studies, which could be explained by the wrong choice of a study program. Therefore, it is necessary to offer a way to help get an idea about the profession by means of an interactive test. The groundwork in this direction has been started in the project "School of Young Programmers" of the Faculty of Computing at the University of Latvia [14] . The purpose of this project is to promote the comprehension about programming in high schools.
A more detailed analysis of the planned activities, as well as a comparison with studies of authors from other countries and proposals to reduce the dropout rate is described in a separate paper and the activities are planned to implement in the near future.
